(W i l l i a m s et al., 2008; M a p a n d a et al., 2013) . In Angola, the past assessments on miombo forests were on species distribution and special dynamics of the central-plateau forests where the observations of land cover by remote sensing illustrated the complexity of deforestation due to charcoal and firewood production (H u n t l e y , M a t o s , 1994; C a b r a l et al., 2011; R o m e i r a s et al., 2014; Schneibel et al., 2016 Schneibel et al., , 2017 . The resources of miombo forests in Angola are the source of livelihood for rural population and also a place for meeting spiritual needs of local people (C a m p b e l l et al., 2007) . About 80% of population in Angola rely on charcoal and firewood from miombo forest for residential energy needs (I E A , 2006) .
To understand which resource is priority to local population, the utilisation of decision suport methods for multiple criteria preponderates (B a r r o w , N h a n t u m b o , 2008; L u n d , T r e u e , 2008). The problem comes when we want to manage forest for multiple purposes due to trade-offs which come from managing with a specific objective in mind (L u p a l a et al., 2014). The idea of creating a better management plan for miombo is addressed by many scholars (Tanz, H There are three types of models of decision-making process that govern the forest planning: (1) rational, (2) irrational, and something in-between called (3) 'the garbage can model' (B e t t i n g e r et al., 2017; G r a b n e r et al., 2013). The first model is based on the idea that all information is gathered, and we base the analysis on selection of the best possible scenario from the complete data set. The second model is based on assessing limited data alternatives (A b b o t et al., 1997 ; N h a n t u m b o et al., 2001). The third model is applied to situations where the goals and objectives are unclear, which is sometimes problematic and misunderstanding. However, management plans must start from somewhere -good data, bad or no data. The second model will be the focus of this paper. The aim of this paper is to assess the predominant forest management policies of miombo forests and interlink it with new knowledge of decision support methods for future management plans.
Multiple criteria decision for forest management (MCDFM)
Multiple criteria decision analysis is defined as an umbrella term that accounts of to help communities or groups explore decisions that matter to all.
The MCDFM defines objectives, criteria to measure the objectives, specfies the alternatives and more, it transforms the criteria scales into measurable units and reflects their results into mathematical algorithms for ranking alternatives and choices (T a n z , H o w a r d , 1991; S a a t y , 2008; A n a n d a , H e r a t h , 2009). The utilisation of MCDFM is a trend of the 21 th century as the forest is now calling for sustainability (J a n s s e n et al. . From the methods mentioned, the application of AHP showed successful results on forest management planning using MCDFM. The AHP is a theory of measurements through pairwise comparisons and depends on the judgement of experts to drive the priority scale (S a a t y , 1987; K a n g a s , 1992; A n a n d a , H e r a t h , 2003; L e p e t u , 2012).
METHODS
This study is a combination of literature review from different scientific fields and annual reports from the Institute for Forest Development (IDF) in Angola (Appendix A). To enrich the content of the review we made a questionnaire survey in one province of Angola to support the background of this paper. The questionnaire was done in 2010 and 96 respondents, mainly farmers living around miombo forests, were addressed. The questionnaire was designed to answer questions on the forest products and rank the importance of these products (Appendix B). The respondents' answers were divided into two groups according to their education level. Consequently, we made a preliminary exploratory analysis of qualitative data to link to the research questions.
Collected data (questionnaire survey) were processed using the Analytic Hierarchy Process (AHP) method. In general, everything we do consciously or unconsciously is the result of some decision. In forest management, the decisions are supported by information and measurements data that, for the purpose of analysis, need to be converted into numerical values. Therefore, the AHP method was applied to process the preferences of local people on the main products that communities gain from the forest. We translated the preferences of the stakeholder into measurable weights by making pair-wise comparisons using a 5-point scale (1, 3, 5, 7 and 9), reflected into equal, weak, strong, very strong (see Fig. 1 ).
The preferences of community on management objectives were firewood, charcoal, and timber. To apply the AHP, the letters were translated into numeric values; if the judgement value is located on the left side of 1 on the scale, it is presented as an entire value; however, if it is located on the right side of 1, a reciprocal value is used (Fig. 1, Table 1 ).
All the values of the matrix were summed up and each element divided by its column total, while the highest number under the priority column indicated the highest preference. Each element of the row was divided by the corresponding value in the column. The normalization was the sum of the column where the results were equal to one. Then each element of the matrix was multiplied by the reciprocal of the matrix size.
The consistency index and consistency ratio were calculated using models 1 and 2. The component to be considered for comparison (n) were timber, charcoal, and firewood (indicated as C1, …, Cn) and represents the relative weight of C i and C j by a ij to form a matrix A = (a ij ). The conditions are that a ij = 1/a ij , where i ≠ j and a ij = 1 (see Appendix C).
To find vector ω, we used the model: A ω = λ ω where: ω = the eigenvector (of order n) λ = the eigenvalue.
Lambda max (λ max ) represents the total size of the matrix λ = n. However, to satisfy the vector ω and avoid human judgement we used the equation:
A ω = λ max ω; λ max ≥ n The difference between n and λ max is that if the λ max = n, then the judgements of the responds are inconsistent (for explanation of the Analytic Hierarchy theory see M u & P e r e y r a -R o j a s 2017).
For the final step, the consistency ratio (CR) was calculated to analyse how consistent were the responses of the participants. If the CR exceeds 0.1, the judgements may be considered inconsistent. The value for the ratio index was obtained from the table of values suggested by Saaty (1987) . (1) where: CI = Coeficiente index λ max = Lambda max n= represents the total size of the matrix (2) where: CR = consistency ration RI= consistency index of a random-like matrix , 2017) and discussions on the optimization and management priorities for forest products harvesting are missing. The present survey found out that a majority of respondents rely on charcoal to satisfy their basic energy needs and data collected from reports indicate that the production of charcoal has been increasing every year since 2008 (Fig. 2) . Similar studies that show the increase of production and commercialization of charcoal come from Mozambique and , 2018) . However, as the source of domestic energy people tend to use rather a combination of gas (LPG) and charcoal than charcoal alone (Fig. 3) .
By using normal calculation of percentages, from the total number of respondents, 43.3% prefered to manage for firewood claiming that firewood is the main source of energy in the village, while 35% prefered charcoal. Timber represented 17.54% of the preferences. The rest (4.06%) were undicided in their answers if charcoal or firewood. However, by using AHP, charcoal was 68.64%, firewood 20.98%, and timber 6.41% on the Table 2 ). The rest (about 3.96%) was for undecided answers/unclear answers on the respondents' priority choice. Based on the priority scale, it can be seen that timber is not the first priority of people living around miombo area. The preferences of the respondents were not directly proportional to gender. However, the consistency index (0.028) of the respondents was quite low which means higher consistency in respondents' answers. It is important to note that consistency index does not mean getting an answer closer to the 'real' life solution. It only means that the ratio estimated in the matrix is closer to respondents' answers.
The respondents' age was not related to the preferences of households on the management of forest resources (mean = 42, standard deviation (SD) = 10.8). After dividing the respondents into two groups: (1) those with 0-1 years of schooling (n = 17) and (2) those with 2-5 years of schooling (n = 77), we found a significant difference between the two groups (P < 0.010). The respondents with 2-5 years of schooling preferred charcoal and were better informed about the charcoal market in the cities.
DISCUSSION
Knowing the preferences of local population on the resources, forest management planning in which the main interest of the stakeholders is included can be established. The application of AHP to the data collected from Bié province showed that charcoal is more important than firewood and timber. The local government has failed to eradicate charcoal production and our results clearly indicate how miombo forests should be managed. The judgement of the actual situation on charcoal production is an unacceptable and the dramatic degradation of miombo forest cannot be stopped unless we find alternative sources for domestic energy and good management systems. In the long term, creation of reserve areas like communal forest for charcoal and timber production, where government can support local communities through subsidies to forest owners who are willing to conserve these areas, can be a good strategy for future management planning.
The involvement of people living around the miombo area into the management planning has frequently been practiced (Y o l a s ı g m a z , K e l e s , 2009; L a r s e n , 2012; M u t u n e , L u n d , 2016). The evidence of participatory forest management (PFM) policies is widespread in India and Nepal. In Africa, the most relevant studies were done in Tanzania tial method for future studies because we now know the preferences of local people on what resource to manage for. Households in these miombo woodlands depend on a mixture of activities to meet livelihood needs while timber is not the main concern.
CONCLUSION
No matter which management method you take, one has to realise that miombo must be managed for multiple purposes and there will always be conflicts in setting priorities for communities. The application of the AHP to the data collected in Bie province clearly indicated that researches on local communities should be prioritised when it comes to take decisions for the entire forest community. Most of Angola's environmental policies and forestry law were adapted from other countries and based on colonial-era legislation. Currently the forestry sector has no clear policy for forest management though conservation and proper management of forest ecosystems in Angola is a moral responsibility for future generations. To change the perception of local communities concerning their participation in resources management, elevating the education level of local population is of utmost importance.
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Our acknowledgement goes to the Czech University of Life Sciences Prague for a mobility financial support for data acquisition in Angola. We acknowledge also the Faculty of Agriculture in Huambo and the Institute for Forest Development in Angola for positive collaboration during the data collection process in Huambo. options (b, c, and d) , then please consider ranging according to their importance to you (note that the scale goes from 1 to 9, and 9 being the highest preference) The main theoretical approach of AHP was developed by S a t t y in 1972 (S a a t y , 1987). The description of this method can be found in springer (an introduction to the AHP) and described by Mu & P e r e y r a -R o j a s , 2017. The application of AHP is based on the analysis of preferences of the respondents and responses, which are the decision elements we compared by using a matrix of pair-wise comparisons as follows: C n ω n ω n … ω n /ω n The equation 1 constitutes the importance of the attributes i and j. The matrices should contain only positive values to satisfy the reciprocal property a ij = 1/a ij , the so called reciprocal matrix A. Multiplying this matrix by the transpose vector ω T (ω 1 , …, ω n ), the result is nω: A ω = n ω, where A is the n × n comparison matrix and ω = (ω 1 , ω 2 , …, ω n ) T , A = (aij) for estimated matrix and ω for the eigenvector. The matrix A is consistent only if the max = a. The solution ω of this problem is any column of A. However, it is necessary to normalise the solutions, which is the component sum to unity.
